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PROCESS FOR PREPARING 
TETRAHYDROIMmAZOQUmOUNAMINES 

Background of the Invention 

5 Technical Field 

This invention relates to processes for prq>aring 6,7,8,9-tetrahydro-lH- 
imidazo[4,S-c]quinolin-4-anunes. 

Description of the Related Art 
10 Certain inununomodulator 6,7»8,9-tetrahydro-lH-imidazo[4,S-c]quinoUn-4- 

amines and methods for their prq)aration are known and disclosed in U.S. Pat. No. 
S,3S2,784 (Nikolaides). The m^ods disclosed involve starting with either a cyclic 

p-ketoester or a S,6,7,8-tetrahydro-4-hydroxy-3*nitro-2(lH)-quinolinone and 
building the remainder of the molecule. 
1^ Summary of the Invention 

This invention provides a process for preparing a compound of Formula I 




wherein 

Ri is selected from the group consisting of hydrogen; cycloalkyl of three, 
four, or five carbon atoms; straight chain or branched chain alkyl containing one to 
about ten carbon atoms and substituted straight chain or branched chain alkyl 
containing one to about ten carbon atoms, wherein the substituent is selected from 
the group consisting of cycloalkyl containing three to about sbc carbon atoms and 
cycloalkyl containing three to about sbc carbon atoms substituted by straight chain 
or branched chain olky] containing one to about four carbon atoms; hydroxyalkyi of 

-1- 



20 



25 
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one to about six carbon atoms; alkoxyalkyl wherdn the alkoxy moiety contains one 
to about four carbon atoms and the alky 1 moiety contains two to about sue carbon 
atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoyloxy of two to about four 
carbon atoms or benzoyloxy» and the alkyl moiety contains one to about sue carbon 
5 atoms; aminoalkyl of one to about four carbon atoms; morphoUnoalkyl wherein the 
alkyl moiety contains two to about foiu* carbon atoms; 

R2 is selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about eight carbon atoms and -C(R«XR(X^ 
wherein Rs and Rt are independently selected from the group consisting of 
10 hydrogen and alkyl of one to about four carbon atoms, 

X is selected from the group consosting of alkoxy containing one to about 
four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about 
four caibon atoms and the alkyl moiety contains one to about four carbon atoms, 
alkylamido wherein the alkyl group contains one to about four carbon atoms, 
15 amino, substituted amino wherein the substituent is alkyl or hydroxyalkyl of one to 
about four carbon atoms, and morpholinoalkyl wherein the alkyl moiety contains 
one to about four carbon atoms, and 

Ris selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about four carbon atoms; 
20 comprising the steps of: 

(i) providing a compound of Formula II 




25 



wherein R, Ri, and R2 are as defined above; 
(ii) reducing a solution or suspension of the compound of Formula II in a strong 
acid in the presence of platinum (TV) oxide under hydrogen pressure; 
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(iii) isolating the compound of Foiroula I or a pharmaceutically acceptable 
addition salt thereof 

This invention also provides a process for preparing a conqKnind of Foimula 

I 




wherein R, R] and R2 are as defined above, 
comprising the steps of: 
10 (i) providing a compound of Formula in 




wherein R, R|, and R3 are as defined above; 

(ii) reducing a solution or suspension of the compound of Formula IQ in a 
strong acid in the presence of platinum (TV) oxide under hydrogen pressure; 

(iii) isolating the compound of Formula I or a pharmaceutically acceptable 
addition salt thereof 
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Detailed Description of the Invention 
Substitucats designated parenthetically herein indicate that the substituent is 
optionally present, e.g., a 4-(substituted) amino conqxmnd contains either an 
unsubstituted 4-amino group or a substituted 4-amiiio group. 

5 Reaction Scheme I iUustrates a process of the invention. Compounds of 

Formula n and methods for their preparation are known and disclosed^ e.g., in 
European Patent Application 90.301776.3, U.S. Pat Nos. 4,689,338 (Gcrstcr), 
4,988,815 (Andre), 5.175,296 Gcrster), 5,266,575 (Gerster), 5,376,976 (Gerster), 
5,389,640 (Gerster) and 5,395,937 (Nikolaides) all seven patents being 

10 incorporated herdn by reference. 




Reaction Scheme I 



In step(l) of Reaction Scheme I a 4-amino-6,7,8,9-tetnihydro-lH- 
15 tmidazo[4,5-c]quinoIine of Formula I is provided by reducing a 4-amino-lH- 

inudazo[4,5-c]quinoline of Formula n. The reduction is carried out by suspending 
or dissolving a compound of Formula U in a strong acid (e.g., trifluoroacetic acid or 
concentrated sulfuric add), adding a catalytic amount of platinum (IV) oxide, then 
subjecting the mbcture to hydrogen pressure [25 to 100 psi (1.72 X 10^ to 6.89 X 
20 10^ Pa)]. Optionally, a solvent such as ethanol may be included. Theprrferred 
method is to use trifluoroacetic add without any additional solvent. The reaction 
may conveniently be carried out in a Paar apparatus. The product or a 
pharmaceutically acceptable addition salt thereof is isolated using conventional 
methods. 
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Reaction Scheme II, wherein R, R| and R2 are as defined above, illustrates 
a process of the invention. The unsubstituted compound of Formula IV is a known 
compound and other compounds of Formula IV can be prepared by methods known 
to those skilled in the art and disclosed, e.g., in Chemistry of Heterocyclic 
5 Compounds (English Edition), 1981, 16, (12), 1286-1288 (Zyryanov). 




I 

Reaction Scheme II 



In step (1) of Reaction Scheme II a 4-nitrotetrazoIo[l,S-a]quinolin-5-ol of 
10 Formula V is provided by nitrating a tetrazolo[ 1 ,S-a]quinolin-S-ol of Formula IV. 
Conventional conditions for such reactions are well known. Preferred conditions in 
the instance where R is hydrogen invoke heating in acetic acid in the presence of 

-5. 
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nitric acid. Preferred conditions in other instances will depend upon the particular 
tetrazolo[l»S-a]quinoiin»S-ol used» and those skilled in the art will be able to select 
suitable conditions. The product can be isolated from the reaction mixture using 
conventional methods. 
5 In step (2) of Reaction Sdieme n a 4-nitrotetrazolo[ 1 ,S-a]quinolin-S- 

sulfonate of Formula VI is provided by reacting a 4-nitrotetrazoto[l,5-a]quinolin-5- 
ol of Formula V with a sulfonyl halide or preferably a sulfonic anhydride. Suitable 
sulfonyl halides include alkylsulfonyl halides such as methanesulfonyl chloride and 
trifluoromethanesulfonyl chloride, and arylsulfonyl halides such as benzenesulfonyl 
10 chloride, p-bromobenzenesulfonyl chloride and p-toluenesulfonyl chloride. Suitable 
sulfonic anhydrides include those corre^onding to the above-mentioned sulfonyl 
halides. Sulfonic anhydrides are preferred in view of the fact that the sulfonate 
anion generated as a by-product of the reaction is a relatively poor nucleophile and 
as such does not give rise to undestred »de products such as those in which the 
15 nitro group is displaced. A particulariy preferred sulfonic anhydride is 
trifluoromethanesulfonic anhydride. 

The reaction is preferably carried out by combining a compound of Formula 
V with a base, prtferably an excess of a tertiary amine base (e.g.» a triaUcylamine 
base such as triethyl amine) in a suitable solvent such as dichloromethane and then 
20 adding the sulfon^ halide or sulfomc anhydride. The addition is preferably carried 
out in a controUed fashion (e.g., dropwise) and at a reduced temperature (e.g., 
about O^C). The product can be isolated by conventional methods or it can be 
carried on without isolation as described below in connection with step (3). 

In step (3) of Reaction Scheme II a 4-nitrotetrazolo[l ,5-a]quinolin-5-am2ne 
25 of Formula VII is provided by reacting a 4-nitrotetnu>zolo[l,5-a]quinolin-S- 

sulfonate of Formula VI with an anune, preferably in the presence of an excess of an 
amine base in a solvent such as dichloromethane. Suitable amines include anunonia 
and preferably primary amines. Primary amines provide S-substituted amino 
compounds of Formula Vn wherein the amino substituent is represented by Ri. 
30 Particularly preferred amines inchide isobut^amine and 2-aminomethyl-2-propanol. 
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The reaction can be carried out by adding an excess of amine to the reaction 
mixture resulting from Step (2). The reaction can also be carried out by adding an 
excess of amine to a solution of the compound of Formula VI in a solvent such as 
dicMoromethane. As the sulfonate is a relatively facile leaving group the reaction 
5 can be run at ambient temperature. The product can be isolated from the reaction 
mbcture using conventional methods. 

In step (4) of Reaction Scheme II a tetr8zolo[l,S-a]quinolin-4,S-<liamine of 
Formula VIQ is provided by reducing a 4-nitrotetrazolo[l,S-a]quinolin-S-amine of 
Formula Vn. Methods for such reduction are well know to those skilled in the art. 
10 Preferably the reduction is carried out using a conventional heterogeneous 

hydrogenation catalyst such as platinum on carbon or palladium on carbon. The 
reduction can be conveniently carried out on a Paar apparatus in a solvent such as 
ethanol The product can be isolated from the reaction mixture using conventional 
methods. 

15 In step (S) of Reaction Scheme n a 6H-imidazo[4,S*c]tetrazolo[l,S- 

a]quinoline of Formula III is provided by reacting a tetrazolo[I»S*a]quinolin-4,S- 
diamine of Formula Vm with a carbo^^c add or an equivalent thereof. Suitable 
equivalents to carboxylic acid include acid halides, orthoesters, and 1,1- 
dialkoxyalkyi alkanoates. The carboxylic acid or equivalent is selected such that it 

20 will give rise to the desired 6*substituent in the compound of Formula III wherein 
the 6-substituent is designated R2 (e.g., acetyl chloride will give rise to a compound 
where R2 is methyl). The reaction can be run in the absence of solvent or preferably 
in an inert solvent in the presence of a carboxylic add or equivalent thereof with 
sufiSdent heating to drive ofif any alcohol or water formed as a side product of the 

25 reaction. The product can be isolated from the reaction mbcture using conventional 
methods. 

In step (6) of Reaction Scheme II a 4-amino-6,7,8,9-tetrahydro*lH- 
imidazo[4,S-c]quinoline of Formula I is provided by reducing a 6H-imidazo[4,5- 
c]tetrazoIo[l,5-a]quinoline of Formula m. The reduction is carried out by 
30 suspending or dissolving a compoimd of Formula in in a strong acid (e.g., 

trifluoroacetic acid or concentrated sulfuric add), adding a catalytic amount of 
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10 



15 



platinum (TV) oxide, then subjecting the mixture to hydrogen pressure [25 to 100 
psi (1.72 X 10^ to 6.89 X 10^ Pa)]. Optionally, a solvent such as ethanoi may be 



m 




HI 





solvent. The reaction may conveniently be carried out in a Paar apparatus. The 
product or a pharmaceutically acceptable addition salt thereof is isolated using 
conventional methods. 

In Reaction Scheme II, R* can be any group that can be incorporated into a 
sulfonyl halide or a sulfonic anhydride. Alkyl (e.g., methyl), haloalkyl induding 
perfluoroalkyl (e.g., trifluoromethyl) and aryl (e.g., phenyl, halophenyl and tolyl) are 
all suitable. 

Reaction Scheme III, wherein R, K\ and R2 are as defined above, illustrates 
a process of the invention. Compounds of Fonnula DC and m^hods for their 
preparation are known and disclosed, e.g., in U.S. Pat Nos. 4,988,815 (Andre), and 
5,268,376 (Gerster), both patents being incorporated herein by reference. 
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Reaction Scheme m 
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In Step (1) of Reaction Scheme m a 4-nitrotetrazolo[l,S-a]quinolin-S- 
amine of Formula Vn is provided by reacting a (4-substituted) amino-2-chloro-3- 
nitroquinoline of Fonnula IX with sodium azide. The reaction can be carried out by 
combining the compound of Formula DC with sodium azide in a suitable solvent 
5 such as N.N-dimethylformamide and heating (about SO^C). The product can be 
isolated from the reaction nuxture using conventional methods. 

Steps (2), (3) and (4) of Reaction Scheme m can be carried out in the same 
manner as steps (4), (5) and (6) of Reaction Sdieme 11 respectively. 

Reaction Scheme IV, wherdn R, Ri and R2 are as defined above, illustrates 
10 a process of the invention. Compounds of Formula X and methods for their 
preparation are known and disclosed, e.g., in European Patent Application 
90.301776.3, US. Pat Nos. 4,689,338 (Gerster), 4,698,348 (Gerster), 4,988,815 
(Andre), and 5,389,640 (Gerster) all four patents being incorporated herein by 
reference. 

15 




1 

Reacdcm Scheme FV 



9 
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In step (1) of Reaction Scheme IV a 4-hydrazino-lH-imidazo[4,S- 
c]quinoline of Fonnula XI is provided by reacting a 4-chloro-lH-iniidazo[4,5- 
cjquinoline of Formula X with hydrazine. The reaction can be carried out by 
combining a compound of Formula X with an excess of faydraane and heating if 

5 necessary. The product can be isolated from the reaction mixture using 
convoitional methods. 

In step (2) of Reaction Scheme IV a 6H-imidazo[4,S-c]tetrazoIo[l,5- 
a]quinoline of Formula m is provided by reacting a 4-hydrazino-lH-imidazo[4,5- 
c]quinoIine of Formula XI with sodium mtrite. The reaction can be carried out by 

10 combining the compound of Formula XI with sodium nitrite in a suitable solvent 
(e.g., water) in the presence of an add (e.g., acetic acid). The product can be 
isoUited from the reaction mixture using convmtional methods. 

Step (3) of Reaction Scheme TV can be carried out in the same manner as 
step (6) of Reaction Scheme II. 

15 The con^unds of Fonnula I can be used in the form of add addition salts 

such as hydrochlorides, dihydrogen sulfates, trihydrogen phosphates, hydrogen 
nitrates, methane sulfonates and salts of other pharmaceutically acceptable adds. 
Pharmaceuticalty acceptable add addition salts of Fonnula I are goierally prepared 
by reaction of the respective compound with an equimolar amount of a strong add, 

20 preferably an inorganic add such as hydrochloric, sulfuric or phosphoric add or an 
organic acid such as methanesulfonic add in a polar solvent. Isolation of the salt is 
facilitated by the addition of a solvent in which the salt is insoluble (e.g., diethyl 
ether). 

The processes of the invention provide as a final product a 6,7,8,9- 
25 tetrahydro-lH-imidazo[4,S-c]quinolin-4-amine, prefened embodiments of whidi 
are represented by Formula L Preferred R| substituents are straight chain and 
branched chain alkyl containing one to about dght carbon atoms and hydroxyalkyl 
wherdn the alkyl moiety contains one to about sbc carbon atoms. The most 
preened Ri substituents are 2-methylpropyl and 2-hydroxy-2-methylpropyl. 
30 Prefened R2 substituents are hydrogen, straight and branched chain alkyl containing 
one to about six carbon atoms, and alkoj^alkyl wherein the alkoxy moiety contains 



10- 
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one to about four carbon atoms and the alky] moiety contains one to about four 
carbon atoms. The most preferred R3 substituents are hydrogen, methyl and 
ethoxymethyl. The preferred R substituent is hydrogea 

The 6,7,8,9-tetrahydro-lH-imidazo[4,S-c]quinoIin-4-amines prepared by the 
5 processes of the invention are disclosed in U.S. Pat. No. 5.352,784 (Nikolaides) as 
immunomodulators. 

The processes described above are illustrated in the Examples below. All 
parts and percentages are by wdght unless otherwise indicated. 

Example 1 

10 a,a-Dimethyl-6H-imidazo[4,5-c]tetrazolo[ 1 , 5-a]quinoline-6-ethanol 

A suspension of 4-chloro-a,a-dimethyMH-imidazo[4,5*c]quinoline-I- 
ethanol (1.0 g, 3.6 mmole, U.S. Pat. No. 4,689.338 Example 189 Part D) in 
hydrazine (3 roL, 6.9 mmole) was heated on a steam bath for 1 hour then diluted 
with water. The resulting precipitate was isolated by filtration. The solid was 

IS dissolved m a mbcture of acetic acid (2 mL) and water (15 mL) then combined with 
a solution of sodium nitrite (0.5 g) in water. The resulting precipitate was isolated 
by filtration, washed with water and dried to provide 0.71 g of a,a-dimethyl-6H- 
imida2o[4,5-c]tetrazolo[l,5-a]quinoline-6-ethanol as a white solid, m.p. 246-247°C 
(shrunk at 230^C). Analysis: Calculated for C14H14N6O: %C, 59.56; %H, 5.00; 

20 %N, 29.77; Found: %C, 59.45; %H, 5.06; %N, 29.5 1 . 

Example 2 

4-Amino-a,a-dimethyl-6,7,8,9-tetrahydro- lH-imidazo[4,5-c]quinoline- 1 -ethanol 
A catalytic amount of platinum (IV) oxide was added to a solution of a,a- 
dimethyl-6H-imidazo[4,5-c]tetrazolo[l,5-a]quinoline-6-ethanol (0.40 g, 1.4 mmole, 

25 Example 1 ) in trifluoroacedc add ( 1 0 mL). The mixture was hydrogenated at 50 
psi (3.44 X 10^ Pa) for 48 hours. The catalyst was removed by filtration and 
washed with ethanol. The filtrate was concentrated und^ vacuum using heptane to 
azeotrope the trifluoroacetic add. The resulting oil solidified on standing. The 
solid was dissolved in water containing enough hydrochloric add to form a salt of 

30 the product. The aqueous solution was filtered through charcoal. The filtrate was 
made basic with ammonium hydroxide. The resulting predpitate was isolated by 

-11- 
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filtration and dried to provide 0.3 g of 4-aniino-<x,a-dimethyl-6,7,8,9-tetrafaydro- 

IH-imidazoKS-cjquinoline-l-ethaool as a white solid, ntp. ISQ.S-ZdlJX. 

Analysts: Calculated for C14H20N4O: %C, 64.59; %H. 7.74; %N» 21.52; Found 

%C, 64.49; %H, 7.63; %N, 21.41. 
5 Examples 

4-Amino-a,a,2-trimethyl-6,7,8,9-tetrahydro- 1 H-imidazo[4,5-c]quinoline- 1 -cChanol 
Platinum (IV) oxide (2.3 g) was added to a solution of 4-aniino-a,a,2- 

trimethyl-lH-tmidazo[4,5-c]quinoiine-l-ethanol (10 g. 32 mmole, U.S. Pat No. 

5,266,575 Comparative Example C 1 ) in trifluoroacettc add (200 mL). The 
10 mixture was hydrogenated at 50 psi (3.44 X lO' Pa) for 5 days. The catalyst was 

removed by filtration. The filtrate was concentrated under vacuum. The residue 

was diluted with water then combined with aqueous 10% sodium hydroxide. This 

mixture was stirred for one hour. A precipitate was isolated by filtration and dried 

to provide 9.7 g of 4-amino-c^oi,2-trimetfa^-^J,8,9-tetrafaydro-lH4midazo[4,5- 
15 c]quinoIine-l-ethanol as solid, m.p. 290-292^C. Analysis: Calculated for 

C15H22N4O: VoC, 65.67; %H. 8.08; %N, 20.42; Found: %C. 65.45; %H, 7.68; %N, 

20.52. 

Example 4 

4-Amino-2-butyl-<z,oi,-dimethyl*6,7,8,9-tetrahydro- 
20 lH-imidazo[4,5-c]quinoline- 1 -ethanol 

Platinum (TV) oxide (0.3 g) was added to a su2q;)ension of 4-amino-2-butyl- 
o^a,*dimethyl-lH-imidazo[4,5-c]qumoline-l-ethanol (1.0 g, 3.2 mmole) in 
trifluoroacetic acid (20 mL). The nuxture was hydrogenated at 50 psi (3.44 X 10^ 
Pa) for 3 days. The reaction mixture was filtered to remove the catalyst then 
25 concentrated under vacuum. The resulting readue was covered with water and 
aqueous sodium bicarbonate. A white solid was isolated by filtration then 
recrystallized from ethyl acetate. The reaction was rq)eated using 1.5 g of starting 
material. The combined products were taken xxp in dichloromethane, washed with 
10% sodium hydroxide, dried over magnesmm sui&te, then concentrated under 
30 vacuum. The material was recrystallized from ethyl acetate then from toluene to 
provide 1 . 1 5 g of crude product. This material was dissolved in methanol then 

-12- 
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combined first with one equivalent of bydrodiloric add then with diethyl ether. The 
resulting salt was converted back to the fi-ee base then purified by silica gel column 
chromatography eluting with 10% methanol in ethyl acetate. The resulting material 
was recrystaliized firom toluene th«i dried under vacuum at 1 lO^'C to provide 0.7 g 
5 of 4-anMno-2-butyl-a,a,-dimethyI-6J.8,9-tetrahydro-lH-im^ 

1-ethanol as a solid. m.p. 160-161.5**C. Analyas: Calculated for C18H28N4O: %C. 
68,32; %H. 8.92; %N. 17.70; Found: %C, 67.96; %H. 8.95; %N, 17.48. 

Examples 

4.AniinoKi,a-dimcthyl^J,8,9-tetrahydro-lH-imidazo[4.5-c]quinoIi^^ 
10 Platinum (TV) oxide (0.3 g) was added to a suspension of 4-amino-a.a- 

dimethyHH-imida2o[4.5^Jquinoline-l-ethanol (0.5 g, 1.95 mmole, U.S. Pat. No. 
4,689,338 Example 1 89) in trifluoroacetic add (1 5 raL). The mixture was 
hydrogenated at 50 psi (3.44 X 10^ Pa) overnight. The reaction nuxture was 
filtered to remove the catalyst then concentrated under vacuum. The residue was 
15 diluted with water then combined with aqueous sodium bicarbonate. The resulting 
precipitate was isolated by filtration. The nudear magnetic resonance spectroscopy 
indicated the reduced product. 

Example 6 

2-Methyl-[(4-nitro-5-tetrazolo[l,5-a]quinolinyl)amino]-2-propano] 
20 Sodium azide (19.5 g, 0.3 moles), 2-methyl-[(2-chioro-3-nitroquinolin-4- 

yl)amino]-2-propanol (29,6 g, 0.10 mole, U.S. Pat. No. 4,988,815 Example 12) and 
N,N-dimethylformamide (100 mL) were added to a jacketed 1 liter round bottom 
flask with the outside portion containing acetone. The reaction nuxture was stirred 
with a stirring bar and the acetone refiuxed to provide a constant internal reaction 
25 temperature of 53''C. After 18 hours the reaction mixture was diluted with water 
(100 mL). The resulting yellow precipitate was isolated by fihration then washed 
with 50% N,N-dimethylformamide/water until the wadies became light colored. 
The yellow/green solid was then washed with water, pressed dry and washed with 
ether. The solid was air dried to provide 27.2 g of crude product as a yellow/light 
30 green solid. This material was recrystaliized fi^om ethanol/dichloromethane to 
provide 2-methyl-[(4-nitro-5-tetrazolo[l,5-a]quinolinyl)amino]-2-propanol as a 
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yellow crystalline solid. in.p. 204*'C (dec.). Analysis: Calculated for: C13H14N6Q3: 
%C. 51.65; %tU 4.67; %N, 27.8; Found: %C, 51.30; %H, 4.69; %N, 27.43. 

Example 7 

[(4-Aniino-5-tetrazolo[ 1 »5-c]quinolin^)aniino>2-metfayl-2-propanol 
5 2-Methyl-[(4-nitro-5-tetra2olo[ 1 ,5-a]quinolin>1)amino]-2-propanol (30.2 g, 

0. 10 mole, Example 6), ethanol (300 mL) and 5% Pd/C (1 .0 g of 50% water wet) 
were placed in a Paar apparatus. The mixture was hydrogenated. The mixture was 
diluted with dichloromethane then filtered to remove the catalyst. The filtrate was 
concentrated under vacuum. The crude product was recrystaUized &om ethanol to 
10 provide 20.5 g of [(4-amino-5-tetrazolo[ K5H:]quinotinyl>aniino]-2-metfayl-2- 

propaiK>l as a yellow/green crystalline solid, m.p. 164-I67^C. Analysts: Calculated 
for Ci3Hi6N«0: %C. 57.33; %H. 5.92; %N, 30.88; Found: %C, 56.94; %H. 5.88; 
%N, 30.80. 

Examples 

1 5 a»a*Dimethy l-6H-imidazo{4,5-c]teirazolo[ 1 »5-a]quinoline-6-elhanol 

[(4-Amino-5-tetrazolo[l,5-c]quinolinyl)anuno]-2-metbyl-2-propano (5 g» 
0. 18 mole. Example 7) was dissolved in triethyl orthofoimaie (17 g). The sohition 
was heated at 120*^C for 20 hours. The reaction mixture was allowed to cool to 
ambient temperature then it was diluted with 1 N hydrochloric acid. Formic acid 
20 (20 mL) was added to the mixture which was then heated at reflux for an hour. The 
reaction mixture was concentrated under vacuum then neutralized with sodium 
hydroxide. The crude product was reciystallized firom etfaanol/ethyl acetate to 
provide c^a-<iimethyl-6H4nudazo[4,5-c]tetrazolo[l,5-a]quinoline-6-^^ as a 
solid. m.p. 245-248^C. Analysis: Calculated for Ci4Hi4N<iO: %C, 59.55; %H, 4.99; 
25 %N, 29.77; Found: %C. 59.44; %H. 4.93; %N, 29.65. 

Example 9 
Tetrazolo{ 1 , 5-a]quinolin-5-ol 

Part A 

Anthranilic acid (274.3 g) and acetic anhydride (1.1 L) were combined then 
30 heated at reflux for 3.5 hours. The reaction mixture was concentrated under 
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vacuum. The residue was combined with methanol (5S0 mL) thtn concentrated 
under vacuum to provide 2-methyl-4-oxo-3,l-benzoxazine as a brown oil. 
PartB 

The crude 2-methyl-4-oxo«3,l-benzoxazine was dissolved in acetic add (1.9 
5 L). Sodium azide (130.0 g) was added to the solution in portions with stirring. The 
reaction mixture was cooled in an ice bath to maintain the reaction temperature at 
25 to 30°C during the addition. The reaction mixture was allowed to stir at ambient 
temperature over the weekend. The acetic add was removed under vacuum to 
provide a white solid. The solid was combined with 10% sodium hydroxide (1 .4 L) 

10 then healed on a steam bath for 1 hour. Additional sodium hydroxide (120 g of 
50% sodium hydroxide) was added. The mixture was heated on a steam bath for an 
adctitional hour then allowed to cool to ambient temperature overnight. Additional 
sodium hydroxide (120 g of 50% sodium hydroxide) was added. The nuxture was 
heated on a steam bath for 2 hours then allowed to cool. The reaction nuxture was 

15 poured with rapid stirring into a nuxture of concentrated hydrochloric acid ( 1 .0 L) 
and ice (3 L). The resulting nuxture was stirred at ambient tmiperature overnight. 
A precipitate was isolated by filtration, rinsed with water then slurried with water (4 
L). The solid was isolated by filtration, rinsed with water then oven dried at 50''C 
to provide 278.0 g of crude 2-(5-methyl-lH-tetrazol-Uyl)benzoic add as a tan 

20 solid, m.p. 157-160''C. The crude matmal was dissolved in 10% sodium hydroxide 
(2.5 L). The resulting solution was heated (95-99^C) for 2.5 hours, cooled, then 
poured with vigorous stirring into a mixture of concentrated hydrochloric acid (500 
mL) and ice (5 L). The resulting nuxture was allowed to stir for 2 hours. The 
precipitate was isolated by filtration, rinsed with water, then slurried with water (3 

25 L). The solid was isolated by filtration, rinsed with water then dried overnight at 
ambient temperature to provide 228 g of 2-(5-methyl-lH-tetrazol-l-yl)benzoic acid, 
m.p. 164.166«C. 
Parte 

Acetone (3.2 L) and 2-(5-methyHH-tetra2oH-yl)benzoic acid (228 g) 
30 were combined then stirred at ambient temperature for 15 minutes. Potassium 
carbonate (228 g) was added to the reaction nuxture in a single portion. 
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lodoethane (366.8 g) was added dropwise to the reaction mixture producing a 
stight exotherm. The reaction mixture was heated at reflux for about 4 hours then 
stirred overnight while cooling to ambient temperature. The precipitated salts were 
removed by filtration then rinsed with acetone. The combined filtrates were 
5 evaporated under vacuum. The readuewas dissolved in dichloromethane(l.SL). 
The dichloromethane solution was washed with water (1 .5 L), dried over 
magneshmi sul&te then concentrated under vacuum to provide 227 g of ethyl- 2-(5- 

methyMH-tetrazol-l-yl)benzoate as a white solid m.p. 98-l(X)^C. 
PartD 

10 Potassium ethoxide (173.S g) was added in portions with stirring to a 

mbcture of ethyl- 2-(S-methyl*lH-tetrazo}-l-yl)benzoate (227 g) and N,N- 
dimett^ormamide(I.6L). The reaction mbcture was coolted with an ice bath to 
control the resulting exothenn. The reaction mixture was stirred overnight at 
ambient temperature then quenched with water (1 7 L). The pH was adjusted to pH 

15 S with acetic add (1 70 mL). The resulting precipitate was isolated by filtration, 
rinsed with water then reslurried with water (2.5 L). The solid was isoUited by 
filtration, rinsed with water then oven dried (SS to 60^C) for 16 hours to provide 
169.0 g of a white solid. A 3.0 g sample was reoystallized fi'om 
ethanol/dichloromethane to provide tetrazolo[l,S*a]quinolin-S-ol as a white solid, 

20 m.p. 248^C (dec.). Analysis: Calculated for C9H6N4O: %C. 58.06; %H, 3.25; %N, 
30.09; Found: %C, 58.02; %H, 3.29; %N. 30.20. 

Example 10 
4->Gtrotetrazolo[l,5-a]quinolin-5-ol Hydrate 
Tetrazolo[l,5-a]quinolin-5-ol (10 g, 54 mmde. Example 9) was suspended 

25 m acetic add (200 mL) then warmed to 40'^C. Nitric add (4 mL of 16Nf, 59 
mmole) was added to the reaction mbcture. The reaction mixture was heated at 
80^C for 30 minutes then allowed to cool to ambient temperature. The resulting 
predpitate was isolated by filtration, rinsed whh water then recrystallized firom 
isopropanol/water to pro^de 8.1 g of 4-nitrotetrazoIo[l,5-a]quinolin-5-ol hydrate 

30 as light yellow plates, ntp. 186.5-18T'C. Analyas: Calculated for QJHsNsCb • 

H2O: %Q 43.38; %H. 2.83; %N, 28.10; Found: %C, 43.27; %H, 2.84; %N, 28.25. 
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Example 11 

4-Nitrotetrazolo[ 1 ,S-a]quinolin-S-yI]trifluoroinethanesulfonate 
Triethylamine (0.6 mL, 4.32 mmole) was added to a suspension of 4- 
nitrotetrazolo[l,5-a]qiiinolin-S-ol (1.0 g, 4.32 mmoles. Example 2) in 

5 dichloromethane (20 mL). The reaction mixture was cooled to O^C. Triflic 

anhydride (0.73 mL, 4.32 mmole) was added. The reaction mixture was stirred for 
3 hours at 0°C. The reaction mixture was diluted with dichlorom^hane (SO mL), 
washed with O.S N hydrochloric add, dried over magne»um sul&te and 
concentrated under vacuum. The residue was combined with hexanes (100 mL), 

10 refluxed for 1 S minutes and filtered. A solid precipitated from the filtrate on 
cooling. The solid was isolated by filtration and dried to provide 0.2 g of 4- 
nitrotetrazolo[l,S-a]quinolin-S-yl]trifluoromethanesulfonate as a white solid, m.p. 
132-134*^0. Analysis: Calculated for CioHi^FaNsOsS: %C, 33.07; %H, 1.11; %N. 
19.28; Found: %C, 33.19; %H, 1.28; %N, 19.6. 
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WHAT IS CLAIMED IS: 

1 . A process for preparing a compound of Formula I 



R 

5 

wherein 

Ri is selected from the group consisting of hydrogen; cydoalkyl of three, 
four, or five caibon atoms; straight chain or branched chain alkyl containing one to 

10 about ten carbon atoms and substituted straight chain or branched chain alkyl 

containing one to about ten carbon atoms, >;idierein the substituent is sdected fit>m 
the group conasting of cycloalkyl contaimng three to about sbc caibon atoms and 
cycloalkyl containing three to about sbc carbon atoms substituted by straight chain 
or branched chain alkyl containing one to about four carbon atoms; hydroxyaUcyl of 

15 one to about six carbon atoms; alkoxyalkyl wherein the alkoxy moiety contains one 
to about four carbon atoms and the alkyl moiety contains two to about sbc carbon 
atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoylo;^ of two to about four 
carbon atoms or brazoyloxy, and the alkyl moiety contains one to about six carbon 
atoms; aminoalkyl of one to about four carbon atoms; morpholinoalkyl wherein the 

20 alkyl moiety contains two to about four ca2lK>n atoms; 

R2 is selected from the group condsting of hydrogen, straight chain or 
branched chain alkyl containing one to about eight carbon atoms and -C(R,XR<XX) 
wherein Rs and Rt are independently selected from the group consisting of 
hydrogen and alkyl of one to about four carbon atoms^ 

25 X is selected from the group consisting of alkoxy containing one to about 

four carbon atoms, alkoxyalkyl wherein the alkoxy moiety contains one to about 
four carbon atoms and the alkyl moiety contains one to about four carbon atoms, 
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alkytamido wherein the alkyl group contains one to about four carbon atoms, 
amino, substituted amino wherein the substituent is alkyl or hydroxyallcyl of one to 
about four carbon atoms, and morpholinoallQrl wherein the alkyl moiety contains 
one to about four carbon atoms, and 
5 Ris selected from the group consisting of hydrogen, straight chain or 

branched chain alkyl containing one to about four carbon atoms; 
comprising the steps of: 
(i) providing a compound of Formula 11 



10 



20 




n 



wherein R, Ri, and R2 are as defined above; 
(ii) reducing a solution or suspension of the compound of Formula n in a strong 
add in the presence of platinum (IV) oxide under hydrogen pressure; 
IS (iii) isolating the compound of Formula I or a pharmaceutically acceptable 
addition salt thereof 



2. A process according to Claim 1 wherein the strong acid is selected 
from the group consisting of trifluoroacetic acid and concentrated sulfiiric acid. 



3 . A process according to Claim 1 wherein the strong add is 
trifluoroacetic acid. 



4. A process according to Claim 1 wherein Ri is selected from the 
25 group consisting of straight chain or branched chain alk)i containing one to about 
eight carbon atoms and hydroxyalkyl containing one to about sbc carbon atoms. 
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10 



15 



20 



5. A process according to Claim 1 wherdn Ri is 2-metfaylpropyL 

6. A process according to Claim 1 wherein Ri is 2-hydroxy-2- 
methylpropyl. 

7. A process according to Claim 1 wherein R2 is selected from the 
group consisting of hydrogen, straight chain or branched chain alkyi containing one 
to about four carbon atoms^ and alkoxyalkyl wherein the alkoxy moiety contains 
one to about four carbon atoms and the alkyl moiety contains one to about four 
carbon atoms. 

8. A process according to Claim 1 i^dieretn R3 is sdeaed from the 
group consisting of hydrogen, methyl and ethoxymethyl. 

9. A process according to Claim 1 wherein R is hydrogen. 

10. A process for preparing a confound of Formula I 



Ri is selected from the group consisting of hydrogen; cycloall^ of three, 
four, or five caibon atoms; straight chain or branched chain all^l containing one to 
about ten carbon atoms and substituted straight chain or branched chain alkyl 
containing one to about ten cart>on atoms, wherdn the substituent is sdected from 
the group consisting of cycloalkyl contaiiung three to about six carbon atoms and 
cycloalkyl containing three to about six carbon atoms substituted by straight chain 




wherein 
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10 



4 



15 



20 



I 



or branched chain alkyi containing one to about four carbon atoms; hydroxyalkyi of 
one to about six carbon atoms; aikoxyalkyi wherein the alkoxy moiety contains one 
to about four carbon atoms and the alkyi moiety contains two to about six carbon 
atoms; acyloxyallgrl wherdn the acyloxy moiety is alkanoyloxy of two to about four 
carbon atoms or benzoyloxy, and the alkyi moiety contains one to about six carbon 
atoms; aminoalkyl of one to about four carbon atoms; morpbolinoalkyl wherein the 
alkyi moiety contains two to about four carbon atoms; 

R2 is selected from the group consistirig of hydrogen, straight chain or 
branched chain alkyi containing one to about dght carbon atoms and -C(R«XR<)(X) 

wherdn Rs and Rt are independently selected from the group consisting of 
hydrogen and alkyi of one to about four carbon atoms, 

X is selected from the group consisting of alkoxy containing one to about 
four carbon atoms, aikoxyalkyi wherein the alkoxy moiety contains one to about 
four carbon atoms and the alkyi moiety contains one to about four carbon atoms, 
alkylamido wherein the alkyi group contains one to about four carbon atoms, 
amino, substituted amino wherein the substituent is alkyi or hydroxyalkyi of one to 
about four carbon atoms, and morpbolinoalkyl wherdn the alkyi moiety contains 
one to about four carbon atoms^ and 

Ris sdected from the group con^sting of hydrogen, straight chain or 
branched chain alkyi containing one to about four carbon atoms; 
comprising the steps of: 
(i) providing a compound of Formula III 




wherein R, R|, and R2 are as defined above; 
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(ii) reducing a solution or suspensi<m of the compound of Formula n in a strong 
add in the presence of platinum (IV) oxide under hydrogen pressure; 

Oil) isolating the compound of Formula I or a pharmaceutically acceptable 
addition salt thereof 

5 

11. A process according to Claim 10 wherein the strong add is selected 
from the group con^sting of trifiuoroacetic add and concentrated sulfuric add. 

12. A process according to Claim 10 wherein the strong add is 
10 trifiuoroacetic add. 

13. A process accordix^ to Claun 10 wherein Ri is selected from the 
group consisting of straight chain or branched chain alkyi containing one to about 
dght carbon atoms and faydroxyalkyl containing one to about sx carbon atoms. 

15 

14. A process according to Claim 1 0 wherein Rt is 2-methylpropyl. 

15. A process according to Claim 1 0 wherein Ri is 2-hydroxy-2- 
methylpropyl. 

20 

16. A process according to Claim 10 wherein Ri is sdected from the 
group consisting of hydrogen, straight chain or branched chain alkyl containing one 
to about four carbon atoms, and alkoxyalkyl wherein the alko}^ moiety contains 
one to about four carbon atoms and the alkyl nx>iety contains one to about four 

25 carbon atoms. 

17. A process according to Claim 1 0 wherdn R2 is sdected from the 
group consisting of hydrogen, methyl and ethoxymethyl. 

30 18. A process according to Claim 10 wherdn R is hydrogen. 
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AMENDED CLAIMS 

[received by the International Bureau on 9 May 1997 (09. 05,97); 
original claims 2, 3, 11 and 12 cancelled; original claims 1 and 10 

amended; remaining claims unchanged (5 pages)] 

1 . A process for preparing a compound of Formula I 



R 

5 

wherein 

Ri is selected from the group consisting of hydrogen; cycloalkyl of three, 
four, or five carbon atoms; straight chain or branched chain alkyl containing one to 

10 about ten carbon atoms and substituted straight chain or branched chain alkyl 
containing one to about ten carbon atoms, wherein the substituent is selected from 
the group consisting of cycloalkyl containing three to about six carbon atoms and 
cycloalkyl containing three to about six carbon atoms substituted by straight chain 
or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of 

15 one to about six carbon atoms; alkoxyalkyi wherein the alkoxy moiety contains one 
to about four carbon atoms and the alkyl moiety contains two to about six carbon 
atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoyloxy of two to about four 
carbon atoms or benzoyloxy, and the alkyl moiety contains one to about six carbon 
atoms; aminoalkyl of one to about four carbon atoms; morpholinoalkyl wherein the 

20 alkyl moiety contains two to about four carbon atoms; 

R2 is selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about eight carbon atoms and -C(R.)(RiXX) 
wherein Rs and Ry are independently selected from the group consisting of 
hydrogen and alkyl of one to about four carbon atoms, 

25 X is selected from the group consisting of alkoxy containing one to about 

four carbon atoms, alkoxyalkyi wherein the alkoxy moiety contains one to about 
four carbon atoms and the alkyl moiety contains one to about four carbon atoms. 




I 
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alkylamido wherein the allcyl group contains one to about four carbon atoms, 
amino, substituted amino wherein the substituent is alkyl or hydroxyalkyl of one to 
about four carbon atoms, and morpholinoalkyl wherein the alkyl moiety contains 
one to about four carbon atoms, and 

Ris selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about four carbon atoms; 
comprising the steps of: 
(i) providing a compound of Formula II 



10 




n 



15 



wherein R, Ri, and R2 are as defined above; 

(ii) redudng a sohition or suspension of the compound of Formula II in 
trifluoroacetic acid in the presence of platinum (IV) oxide under hydrogen pressure; 

(iii) isolating the compound of Formula I or a pharmaceutically acceptable 
addition salt thereof 



20 



4. A process according to Claim 1 wherein Ri is selected from the 
group consisting of straight chain or branched chain alkyl containing one to about 
eight carbon atoms and hydroxyalkyl containing one to about six carbon atoms. 



5. A process according to Claim 1 wherein R| is 2-methylpropyl. 

6. A process according to Claim 1 wherein R| is 2-hydroxy-2- 
25 methylpropyl. 
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7. A process according to Claim 1 wherein R2 is selected from the 
group consisting of hydrogen, straight chain or branched chain alkyl containing one 
to about four carbon atoms, and alkoxyalkyi wherein the alkoxy moiety contains 
one to about four carbon atoms and the alkyl moiety contains one to about four 

5 carbon atoms. 

8. A process according to Claim 1 wherein R2 is selected from the 
group consisting of hydrog^ methyl and ethoxymethyL 

10 9. A process according to Claim 1 wherein R is hydrogen. 



15 

wherdn 

Ri is selected from the group consisting of hydrogen; cycloalkyl of three, 
four, or five carbon atoms; straight chain or branched chain alkyl containing one to 
about ten carbon atoms and substituted straight chain or branched chain alkyl 

20 containing one to about ten carbon atoms, wherein the substituent is selected from 
the group consisting of cycloalkyl containing three to about six carbon atoms and 
cycloalkyl containing three to about sue carbon atoms substituted by straight chain 
or branched chain alkyl containing one to about four carbon atoms; hydroxyalkyl of 
one to about six carbon atoms; alkoxyalkyi wherein the alkoxy moiety contains one 

25 to about four carbon atoms and the alkyl moiety contains two to about sbc carbon 
atoms; acyloxyalkyl wherein the acyloxy moiety is alkanoyloxy of two to about four 
carbon atoms or benzoyloxy, and the alkyl moiety contains one to about six carbon 



1 0. A process for preparing a compound of Formula I 
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10 



15 



atoms; aminoalkyi of one to about four carbon atoms; morpholinoalkyl wherein the 
alkyl moiety contains two to about four carbon atoms; 

R2 is selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about eight carbon atoms and -C(R«)(R()(X) 

v^rein Rs and Rt are independently selected from the group conasting of 
hydrogen and alkyl of one to about four carbon atoms, 

X is selected from the group con^sting of alkoxy containing one to about 
four carbon atoms, alkoxyalkyi wherdn the alkoxy moiety contains one to about 
four carbon atoms and the alkyl moiety contiuns one to about four carbon atoms, 
alkylamido wherein the alkyl group contains one to about four carbon atoms, 
amino, substituted amino wherdn the substituent is alkyl or hydroxyalkyl of one to 
about four carbon atoms, and morpholinoalkyl wherein the alkyl moiety contains 
one to about four carbon atoms, and 

Ris selected from the group consisting of hydrogen, straight chain or 
branched chain alkyl containing one to about four carbon atoms; 
comprising the steps of: 
(i) providing a compound of Formula III 



20 




m 



25 



wherdn R, Ri, and R2 are as defined above; 

(ii) reducing a solution or suq)enaon of the compound of Formula II in 
trifluoroac^ic add in the presence of platinum (TV) oxide under hydrogen pressure; 

(iii) isolating the compound of Formula I or a pharmaceutically acceptable 
addition salt thereof 
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13. A process according to Claim 1 0 wherein R| is selected from the 
group consisting of straight chain or branched chain alkyl containing one to about 
eight carbon atoms and hydroxyalkyi containing one to about six carbon atoms. 

5 14. A process according to Claim 10 wherein R| is 2-methylpropyl. 

1 5. A process according to Claim 10 wherein R| is 2-hydroxy-2« 
methylpropyl 

10 16. A process according to Claim 1 0 wherein R2 is selected from the 

group consisting of hydrogen, straight chain or branched chain alkyl containing one 
to about four carbon atoms» and alkoxyalkyl wherein the alkoxy moiety contains 
one to about four carbon atoms and the alkyl moiety contains one to about four 
carbon atoms. 

15 

17. A process according to Claim 10 wherein R2 is selected from the 
group consisting of hydrogen, methyl and ethoxymethyl. 

18. A process according to Claim 10 wherein R is hydrogen. 
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